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Introducing constant background fields into the noncommutative gauge theory, we first obtain a
Hermitian fermion Lagrangian which involves a Lorentz violation term, then we generalize it to a new
deformed canonical noncommutation relations for fermion field. Massless neutrino oscillation in the
deformed canonical noncommutation relations is analyzed. The restriction of the noncommutative
coefficients is also discussed. By comparing with the existing experimental data of conventional
neutrino oscillations, the order of noncommutative deformed coefficients is given from different
ways.
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I. INTRODUCTION
Neutrinos are massless particles in the Standard Model
of particle physics. In order to explain neutrino oscilla-
tion, the conventional scenario is to assume that neutrino
physics is beyond the Standard Model, and then get neu-
trinos with nonzero mass [1–3], where is a spectrum of
three or more neutrino mass eigenstates, and flavor state
is a mixing one of mass eigenstates [4]. D. Colladay,
V. A. Kostelecky´ [5], S. Coleman and S. L. Glashow [6]
noted that neutrino oscillations may take place for mass-
less neutrinos in which case that Lorentz invariance is
violated in the neutrino sector.
Lorentz invariance violation could give a prepara-
tive solution to two important experimental problems,
namely, the observation of TeV photons and of cosmic
ray events above the GZK cutoff [6–11], since the thresh-
old energy at which the cutoff occurs could be altered
by modifying special relativity. The high energy tests of
Lorentz-violating depended on a perturbative framework
for neutrinos was discussed in Ref. [7]. The consequences
of Lorentz and CPT violations to the three-generation
neutrino oscillations were abundantly analyzed in the
massless neutrino sector [12–14]. The Lorentz-violating
extension of the minimal Standard Model [15] includ-
ing CPT-even and CPT-odd terms were also studied, the
stability and causality are investigated in quantum field
theories that incorporating Lorentz and CPT violations
[16].
The violation of Lorentz invariance may arise from
quantum gravity [17–19], random dynamics [20], string
theory [21] and field theories with gravity [22]. An-
other approaches is noncommutative field theory [23, 24],
where any realistic noncommutative theory is found to be
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physically equivalent to a subset of a general Lorentz-
violating standard-model extension involving ordinary
fields. Spontaneous violation of CPT/Lorentz symme-
tries in string theories is also well known [25], where
Lorentz symmetry breakdown is natural when the per-
turbative string vacuum is unstable.
In order to get the oscillation of massless neutrinos, the
introduction of Lorentz- or (and) CPT-violating items
into the Lagrangian is needed, but for this introduc-
tion, people often introduce directly from the Lorentz-
violating extension of the Standard Model, instead of
introducing directly by noncommutative fields theory.
Different from the conventional way, J. M. Carmona
et al [26] consider the Hamiltonian of free complex
bosonic field theory and investigate the connection be-
tween Lorentz invariance violation and noncommutativ-
ity of fields by proposing a new Moyal Product between
functionals, which is consistent with the commutation
relations. In that case, they only discuss the effects of
neutrinos on noncommutative space.
In this paper, since all noncommutative effects vanish
for neutral fermions in noncommutative gauge theories,
we introduce neither new Moyal Product nor Lorentz-
violation extension of the Standard Model, but mainly
focus on the constant background fields in noncommuta-
tive gauge theories, and obtain a Hermitian fermion La-
grangian which involves a Lorentz violation term. The
Lorentz violation term deform the conventional canoni-
cal commutation relations. From this we try to gener-
alize our model to a new deformed canonical noncom-
mutation relations for fermion field. On this basis of
the new canonical noncommutativity, we obtain massless
neutrino Lagrangian which satisfies the deformed canoni-
cal relations. Subsequently, we investigate the restriction
of the noncommutative coefficients. Comparing with the
existing experimental data on conventional neutrino os-
cillations, finally the order of noncommutative deforma-
tion coefficients is given by different ways.
2II. NONCOMMUTATIVE COEFFICIENTS OF
NEUTRAL FERMIONS WITH CONSTANT
BACKGROUND FIELDS
The idea that the spacetime coordinates do not com-
mute is quite old in mathematics and physics [27].
Noncommutativity [28–32] is the central mathematical
concept expressing uncertainty in quantum mechanics,
where it applies to any pair of conjugate variables, such
as position and momentum. A. Connes [33] et al build
a Noncommutative Geometry system, and tried to apply
it to physics or even the Standard Model. N. Seiberg
and E. Witten [34] extend earlier ideas about the ap-
pearance of noncommutative geometry in string theory
with a nonzero B field, and get an equivalence between
ordinary gauge fields and noncommutative gauge fields,
which is realized by a change of variables. The spacetime
noncommutativity undergoes a revival following the re-
alization which occurs naturally in string theory [35].
In noncommutativity framework, the canonical com-
mutator of the coordinates in the spacetime manifold is
[xµ, xν ] = iθµν , [∂i, ∂j ] = 0, (1)
with a parameter θ which is a real and antisymmetric
(constant) tensor. In addition, there are operator and
Lie Algebra forms
[xµ, xν ] = iθˆµν , [xµ, xν ] = iCµνk x
k. (2)
In the case of Eq. (1), a simple set of derivatives ∂i can
be defined by the relations
∂ix
j = δji , [∂i, ∂j ] = 0 (3)
and the Leibnitz rule.
To construct a noncommutative quantum field the-
ory, one approach is to replace conventional fields with
noncommutative fields, and conventional products with
Moyal Star Products [36], namely,
f(x) ⋆ g(x) = exp(
1
2
iθµν∂xµ∂yν )f(x)g(x)|x=y . (4)
It is well known that as noncommutative phase space one
can occasionally generalize Eq. (3) to
[xµ, xν ] = iθµν , [∂µ, ∂ν ] = −iΦµν (5)
to incorporate an additional background field [25].
Gauge theories, such as quantum electrodynamics
(QED), is ordinarily transformed into noncommutative
QED [28] by Moyal Star Products. Action of pure non-
commutative U(1) Yang-Mills and matter field are re-
spectively [37]
SYM =
∫
d4x(− 1
4q2
)Fˆµν ⋆ Fˆ
µν ,
SMatter =
∫
d4x(
1
2
i
¯ˆ
ψγµ ⋆
←→ˆ
D µψˆ −m ¯ˆψ ⋆ ψˆ)
where q is the coupling constant. Then for noncommu-
tative QED, the Hermitian Lagrangian can be written
as
L = 1
2
i
¯ˆ
ψγµ ⋆
←→ˆ
D µψˆ −m ¯ˆψ ⋆ ψˆ − 1
4q2
Fˆµν ⋆ Fˆ
µν , (6)
where Aˆµ and ψˆ are the fields in noncommutative QED
space, and Aµ together with ψ are for conventional QED,
and have
Fˆµν = ∂µAˆν − ∂νAˆµ − i[Aˆµ, Aˆν ]⋆,
Dˆµψˆ = ∂µψˆ − iAˆµ ⋆ ψˆ,
Aˆ ⋆
←→ˆ
D µBˆ = Aˆ ⋆ DˆµBˆ − Bˆ ⋆ DˆµAˆ. (7)
Noncommutative coefficient θµν are acceptable only
when θ0k = 0, θij 6= 0 (i, j = 1, 2, 3), on account of the
difficulties with perturbative unitarity [38]. Nonetheless,
presumably certain cases with θ0j 6= 0 can also be al-
lowed, since the presence of observer Lorentz invariance
implies that there is no difficulties with perturbative uni-
tarity provided θµνθ
µν > 0, θµν θ˜
µν = 0, which can be
converted into one with only θjk nonzero by a suitable
observer Lorentz transformation. It is similar to the con-
dition applying for open bosonic stings where the pres-
ence of a nonzero Bjk field is equivalent to a constant
magnetic field on a Dp brane [34].
N. Seiberg and E. Witten [34] proposed an map from
the noncommutative U(N) gauge theory to an ordinary
U(N) gauge theory. In 2002, Chaichian, Presˇnajder et
al [39] present the No-Go Theorem, this theorem show
that matter fields in the noncommutative U(1) gauge
theory can only have ±1 or 0 charges and for a generic
noncommutative Πni=1U(Ni) gauge theory matter fields
can be charged under at most two of the U(Ni) gauge
group factors. In Refs. [40–43], the authors argued that
the SeibergWitten map, which relates a noncommutative
gauge theory to an ordinary one, paves the way for con-
structing the noncommutative version of gauge theories
based on generic Lie algebras with matter fields in generic
representations, thus circumventing the restrictions dis-
cussed in Ref. [39]. However, Just as shown in Ref. [44]
that the Seiberg-Witten map can only be consistently de-
fined and used for the gauge theories which respect the
no-go theorem.
To the first order, the Seiberg-Witten map reads [34,
45–47]
Aˆµ = Aµ − 1
2
θγρAγ(∂ρAµ + Fρµ)
ψˆ = ψ − 1
2
θγρ∂ρψ. (8)
Substitute Eq. (4) and Seiberg-Witten Map Eq. (8)
into the Lagrangian (6), then in the new Lagrangian the
gauge invariant is given manifestly, and it consists of ordi-
nary QED plus nonrenormalizable Lorentz-violating cor-
rections. It should be noted that noncommutative effects
vanish for neutral fermions. One will get the same results
3if one use the Moyal Star Products (Eq. (4)) in the case
of canonical commutator of the coordinates Eq.(1), be-
cause of such a property of the Moyal Star Products∫
d4xf(x)⋆g(x)=
∫
d4xg(x) ⋆ f(x)=
∫
d4xf(x)g(x). (9)
In the No-Go Theorem, neutral fermions could be in
‘adjoint’ representation of noncommutative U(1) gauge
theory. The neutral fermions field, although is not carry-
ing any U(1) charge, similarly to noncommutative pho-
tons, carries the corresponding dipole moment [39]. Con-
sidering the above situation, in order to get other non-
commutative effects of neutral fermions, it seems to be a
reasonable consideration by generalizing it’s Lagrangian
to noncommutative phase space (depending on Eq. (5)),
which is equivalent to attach a constant background field.
But we will encounter some complex issues.
In this paper, in order to avoid these difficulties above,
we mainly pay attention to this cases with constant elec-
tromagnetic background fields in noncommutative fields,
and try to generalize this model to new canonical non-
commutation relations. In the new noncommutativity,
we assume that all fermion be applied to this new rala-
tions, then we investigate neutrino Lagrangian which in-
volves a Lorentz violations term.
One can get the relation (6) when consider noncommu-
tative QED under the canonical commutation relations
Eq. (1), and then substitute Seiberg-Witten Map (Eq.
(8)) into the Lagrangian Eq. (6). The relation at the
leading order in noncommutative coefficients is given as
L = 1
2
iψ¯γµ
←→
D µ ψ −mψ¯ψ − 1
4
FµνF
µν +Θ(θ2)
+
1
8
θαβq[2mFαβψ¯ψ + FαβFµνF
µν − 4FαµFβνFµν ]
+
1
8
iθαβq[2Fαµψ¯γ
µ←→D β ψ − Fαβψ¯γµ←→D µ ψ], (10)
where we have redefined Aµ → qAµ. If we make the
replacement
Fαβ → Fαβ + fαβ , (11)
where fαβ is a constant background field and Fαβ is un-
derstood to be a small fluctuation, it yields the Hermi-
tian Lagrangian describing the leading-order effects of
noncommutativity in constant background fields
L = 1
2
iψ¯γµ
←→
D ν(gµν + ηµν)ψ −mψ¯ψ
− 1
4
(gαµgβν + καβµν)F
αβFµν + Θ(η2, κ2), (12)
where gµν is the metric tensor, dimensionless coefficient
ηµν and καβµν are constant tensors that associated with
both the constant electromagnetic fields and the coeffi-
cients of canonical commutator,
ηµν = −1/2qf σµ θσν , (13)
where q is replaced with a scaled effective value q →
(1 + 1/4qfµσθµσ)q. If one remove the mass m, and let
electromagnetic background fluctuation Fµν → 0, then
an effective Lagrangian is given
L = 1
2
igµνψ¯γ
µ←→∂ νψ + 1
2
iγµηµν ψ¯
←→
∂ νψ. (14)
Next, we generalize Eq. (14) to coupled field ψi,j
L = 1
2
iψ¯iγ
µ←→∂µψi + 1
2
iηµν(ij)ψ¯iγ
µ←→∂νψj , (15)
where ηµν(ij) violate Lorentz invariance. Then we can
obtain the conjugate momentum and the canonical com-
mutation relations for fermion field,
πi = i(δij + η00(ij))ψ
†
j = Λ
−1
ij ψ
†
j
{ψi(x), ψ†j (y)} = Λijδ(x− y), (16)
with the coefficient of constant background field ηµν(ij)
diagonal in the spacetime indices, where the Lorentz vi-
olation term deform the conventional canonical commu-
tation relations.
Next, let us put aside the background field, and as-
sume that Eq. (16) applies to all fermion field. In fact,
for fermion field, Eq. (16) inspired us to build new non-
commutativity relations. We may assume a new non-
commutativity by deforming the commutator of fields in
analogy with the deformation commutator, such as Eq.
(16). If it preserves the locality in the new set of canon-
ical commutation relations, which become
{πα(x), πβ(y)} = 0,
{ψi(x), ψ†j (y)} = Λijδ(x− y). (17)
Now we can obtain an effective massless neutrino La-
grangian which satisfies this deformation noncommuta-
tive condition Eqs. (16,17),
L = 1
2
iν¯αγ
µ←→∂µνα + 1
2
iηµν(αβ)ν¯αγ
µ←→∂ν νβ (18)
where α, β are flavor indices, µ, ν are spinor indices,
and constant tensor ηµν(αβ) is related to the flavor and
spinor indices. There it contains renormalizable Lorentz-
viollating corrections. On the basis, the Lagrangian may
provide a general rotation-invariant model of three active
massless neutrinos in noncommutative field theory.
The coefficients η on deformation noncommutation re-
lations violates Lorentz invariance but not CPT symme-
try which is in agreement with Refs. [48, 49]. A general
form for the quadratic sector of a renormalizable Lorentz
and CPT-violating Lagrangian that describing a single
massive spin- 12 is given in Ref. [16]
L = 1
2
iψ¯Γµ
←→
∂ µψ − ψ¯Mψ, (19)
where
Γµ := γµ + cνµγν + d
νµγ5γν + e
µ + ifµγ5 +
1
2
gλνµσλν ,
M := m+ aµγ
µ + bµγ5γ
µ +
1
2
ρµνσµν . (20)
4Coefficients for Lorentz violation are all real, cµν and
dµν are traceless, gλµν antisymmetric in its first two in-
dices, and ρµν antisymmetric. Just as it pointed out in
Ref. [16] that all the parameters violate Lorentz invari-
ance, while aµ, bµ, eµ, fµ, gλµν also break CPT. Under the
above assumptions, these parameters about Lorentz and
CPT violation are given when they are applied to mass-
less neutrinos [50]. On this base, Ref. [50] discussed the
general equations of motion for the free propagation of
neutrinos, which can be written as a first-order differen-
tial operator acting on the object νβ .
Now we go back to Eq. (18), where the constant tensor
ηµν denotes the noncommutative effects, and it violates
Lorentz invariance but keeps CPT symmetry. For the
convenience of calculation, the Lagrangian can be trans-
formed into another form since divergence terms have no
contribution to the action
L = 1
2
iν¯αγ
µ∂µνα +
1
2
iηµν(αβ)ν¯αγ
µ∂ννβ, (21)
and the Euler Lagrange equation of motion satisfy
iγ0∂0να + iγ
i∂iνα + iηµν(αβ)γ
µ∂ννβ = 0. (22)
Comparing Eq. (22) with the conventional equations
of motion (iδαβ∂0 − Hαβ)να = 0, the Hamiltonian for
neutrinos is given as
Hαβ = −iγ0γi∂i − iηµν(αβ)γ0γµ∂ν . (23)
In this paper, there are four parameters: θ
′µν in the
canonical commutator of the coordinates in the space-
time manifold (1), θµν in the noncommutative field the-
ory (6), ηµν in the new deformed canonical commuta-
tion relations (18) and ηµν in the Lorentz- and CPT-
violating extension of the standard model (19), respec-
tively. As the above analysis, in the canonical commuta-
tor of the coordinates, θ
′µν is a real and antisymmetric
(constant) tensor, in the noncommutative field theory it
meets this relationship θµνθµν > 0 and θ
µν θ˜µν = 0. The
new neutrino Lagrangian and the new commutation re-
lation (18) requiring hermiticity implies the noncommu-
tative coefficients ηµν are hermitian in generation space.
Some features of this model are similar to the conven-
tional massive neutrino case, however, there is unusual
energy dependence. Moreover, for the single fermion ex-
tension model (19), the dimensionless coefficients η00 > 0
and η00 < 0 (which resembles the noncommutative coef-
ficient ηµν) implies that instabilities and microcausality-
violation arise at the Planck scale [16]. However, in Eq.
(18), we do not need to consider this condition. The
restriction of rotation invariance provides an additional
special limit of the theory Eq. (18), which can signif-
icantly reduce the complexity of calculations. In addi-
tion, restricting Hamiltonian to rotation-invariant leaves
two coefficients η00αβ and η
ij
αβ =
1
3η
kk
αβδ
ij . It may be as-
sumed η00αβ − ηjjαβ = 0 since the trace component gµνηµν
is Lorentz invariant and can be absorbed into the usual
kinetic term (it is unobservable), so only one of two ma-
trices with noncommutative coefficients is independent,
leaves only the matrices η00(αβ).
III. THE ORDER OF NONCOMMUTATIVE
COEFFICIENT
From what has been discussed above, the Hamiltonian
of massless neutrino in deformation canonical commuta-
tion relations space is given, and the restriction to the
noncommutative coefficients η is also discussed. In the
following sections, we will discuss the order of noncom-
mutative coefficient by means of different methods (more
detail can be found in Refs. [50, 51]).
With the relation (18), the Hamiltonian matrix for
neutrinos can be given, substituting it into the Euler-
Lagrange equation of motion, the general dynamical
equation for neutrinos could be obtained as
hαβ = |~p|δαβ
(
1 0
0 1
)
+
1
|~p|
( −[ηµνpµpν ]αβ 0
0 −[ηµνpµpν ]∗αβ
)
. (24)
The four momentum may be taken as pµ = (|~p|,−~p) at
leading order.
For the convenience of the following discussions, we
first consider the conventional neutrino oscillation. In
the mechanism of conventional oscillation of massive neu-
trino, the simplest form of probability for oscillation be-
tween two species of particles with a mixing angle i, j and
energy levels Ei, Ej is given as
Pi→i = 1− sin2(2θ)sin2( 1
4E
∆m2L),
Pi→j = sin
2(2θij)sin
2(
1
2
∆Eijt)
= sin2(2θij)sin
2[
1
2
(
√
p2 +mi −
√
p2 +mj)t]
≈ sin2(2θij)sin2(
1
4E
∆m2ijL). (25)
Then we turn back to the deformation canonical non-
commutation relations (16) and the Hamiltonian density
(23), the dynamical equation can be written as
ν˙α = −Λαβ(α · ∇νβ), (26)
where α = γ0~γ. Turning it into momentum space, the
form above can be written as
Eνα = Λαβ(α · ~p νβ). (27)
For simplicity, we choose Λ matrix and unitary matrix Γ
in two dimensions
Λ =
(
1 λ
λ∗ 1
)
, Γ =
(
τ 1/
√
2
−τ 1/√2
)
, (28)
where Γ is diagonalized, Λ, λ∗/τ − τλ = 0 and λ are
associated with ηαβ . Then the energy spectrum for the
neutrino is
E±i,j = ±(1 + εij |λ|)|~p|, (29)
with εij the two-dimensional Levi-Civita symbol.
5Taking ν1 and ν2 as the eigenstates of energy values
in Eq. (29), the energy eigenstates can be determined
through the diagonalized matrix Γ(
ν1
ν2
)
= Γ ·
(
να
νβ
)
, (30)
where ν1,2 and να,β represent different energy eigenstates
and the flavor eigenstates. The time evolution can be
determined by energy spectrum as follows
νi,j(t) = e
−iE+i,jt+i~p·~xν1,2(0)
= κ · (εijτ · να + νβ), (31)
with coefficients κ relevant to unitary matrix coefficients
τ . The above equation can be parameterized as
ν1 = cosθ12να + sinθ12νβ ,
ν2 = −sinθ12να + cosθ12νβ . (32)
Depending on relations (30), the above relations can be
inverted, then the evolution of flavor state να in time t
can be given as
να(t) = [(cos
2θ12e
−iE+
1
t + sin2θ12e
−iE+
2
t))να(0)
+
1
2
sin2θ12(e
−iE+
1
t − e−iE+2 t)νβ(0)]ei~p·~x. (33)
Then the probability of finding the flavor state νβ at time
t can be given by
Pνα→νβ = sin
2(2θ12)sin
2(|~p||λ|t)
≈ sin2(2θ12)sin2(E|λ|L). (34)
The above probability relations can be inverted by taking
the fact that for |λ| ≪ 1, E ∼ |~p|, and velocities close to
c, t→ L(the path length traversed by the neutrino).
The analysis above for two neutrino flavors can be ex-
tended to incorporate three flavors when generalize the
deformation parameters and the mixing angles. Then the
probability for oscillation between neutrino flavors can be
given as follows
Pνα→νβ ≈ sin2(2θij)sin2(E|λij |L), (35)
where i, j = 1, 2, 3. Comparing with the conventional
massive neutrinos relations (25) and using the above re-
sults from the solar neutrino and atmospheric neutrino
experiments with ∆m2ij and E , one can get relation
∆m2ij/4E
2 = |λij |. The solar and atmospheric neutrino
experimental data [52, 53] was given as ∆m212 ∼ 7.67 ×
10−5eV2, E ∼ 1MeV and ∆m223 ∼ 2.32 × 10−3eV2, E ∼
1.8GeV, then the order of the deformation parameters is
given as follows
|λ12| ∼ 10−17, |λ23| ∼ 10−22. (36)
Works above only involve the two-generation special
case, next, we turn to another useful parametrization of
the noncommutative coefficient by CKM-like mixing an-
gles and phases. Restricting hαβ to rotation-invariant
models leaves only coefficients η00αβ and η
ij
αβ =
1
3η
kk
αβδ
ij .
Since the trace component gµνη
µν is Lorentz invariant
and can be absorbed into the usual kinetic term (it is
unobservable), so it may be assumed as zero for conve-
nience, only one of these matrices is independent. Tak-
ing into account the frame dependent of the theory latter,
one assume rotation invariance in the Sun-centered frame
(S, x, y, z) for definiteness, then the effective Hamiltonian
(24) reduces to the block-diagonal form
(hsc)αβ = diag{(−4
3
ηSSE)αβ , (−4
3
ηSSE)∗αβ}, (37)
where the irrelevant kinetic term is dropped.
The features of the Hamiltonian above are similar to
the conventional massive neutrino case. It provides a
general rotationally invariant model of three active neu-
trinos. Similar to the analysis of conventional massive
neutrino mixing proceeds, the effective Hamiltonian can
be diagonalized with a unitary matrix Usc
hsc = U
†
scEscUsc, (38)
where Esc is a diagonal matrix.
The deformation noncommutative coefficient matrix
can be parameterized with three eigenvalues and a con-
stant unitary matrix A. For each coefficient ηµν has
ηµν = (Aµν)†diag{ηµν(1), ηµν(2), ηµν(3)}Aµν (39)
The unitary diagonalizing matrices Aµν are given so that
the Hamiltonian above takes the block diagonal form as
Usc =
(
A 0
0 A∗
)
. (40)
The above decomposition is frame dependent as we
have discussed, there one restrict this decomposition to
the standard Sun-centered celestial equatorial frame as
mentioned. In order to get a CKM-like decomposition of
the U matrices we take mixing angles and phases with
ηµν by βµν(12), β
µν
(13), β
µν
(23) and δ
µν , γµν1 , γ
µν
2 . Then the U
matrices can be written explicitly. Here, we ignore the
tedious steps,
Uµν =
(
CKM − like
)
 1 0 00 eiγµν1 0
0 0 eiγ
µν
2

 . (41)
In addition, considering that the γ matrix of phases can
be absorbed into the amplitudes in the conventional mas-
sive neutrino analysis, so these γ phases can be neglected.
We replace ηµν with ηSS since we have assumed rota-
tion invariance in the Sun-centered frame. To mimic the
usual massive neutrino solution, there we consider only to
taking vanishing phases, θSS13 and θ
SS
23 = π/4. This leaves
three degrees of freedom, two eigenvalue differences and
one mixing angle θSS12 .
Using time evolution operator Sαβ = U
†
sce
−iEsctUsc,
then the probabilities for massless neutrino of νβ oscil-
lating into neutrino of να in time t can be written as
6Pνβ→να = |Sνανβ (t)|2. The probabilities are given as
Pνe→νν = Pνe→ντ =
1
2
sin2θsin2(λ ·EL/2)
Pνe→νe = 1− sin2θsin2(λ ·EL/2), (42)
where λ = 43 [η
SS
(2) − ηSS(1) ]. Considering the LSND and
KamLAND results Pν¯e→ν¯e = 61%, 1Mev ≤ E ≤ 10Mev
and L = 138 ∼ 214km, and Pν¯e→ν¯e = 26%, E ∼ 45Mev
and L = 30m, replacing ∆m2/2E with λE as the previ-
ous calculation methods , we get
λ ∼ 10−17. (43)
In addition, considering from this relation (24), one
just study the left-handed neutrino and ignore the right-
handed antineutrinos because the two terms have the
similar form, then one have the simplified Hamiltonian
as
h = |~p|δαβ + ηµν(αβ)
pµpν
|~p| , (44)
where minus sign has been incorporated into the defor-
mation noncommutative coefficients.
To reduce the deformation noncommutative coeffi-
cients, we assume the neutrino Hamiltonian matrix can
be simplified and then diagonalized by unitary matrix Γ,
Γ†HΓ = Γ

 E η00eµE 0η00eµE E + η00µµE η00µτE
0 η00µτE E

Γ†
= E

 1 0 00 1 +A−B 0
0 0 1 +A+B

 , (45)
where η00eµ, η
00
µτ , and η
00
µµ are three nonzero noncommuta-
tive parameters in the specific model, the other noncom-
mutative parameters are zero, and
A = η00µµ/2, B =
√
(η00eµ)
2 + (η00µτ )
2 + (η00µµ)
2/4.(46)
Then the eigenstates can be the linear combination of
flavor eigenstates since the unitary matrix Γ.
Using the same method mentioned above, with the uni-
tary matrix Γ and the diagonal eigenenergy matrix, fi-
nally the oscillation probabilities are given as
Pνe→νµ =
(η00eµ)
2
B2
· sin2(BEL),
Pνµ→ντ =
(η00µτ )
2
B2
· sin2(BEL),
Pνµ→νµ = 1−
(η00eµ)
2 + (η00µτ )
2
B2
· sin2(BEL). (47)
Comparing the above equation with the analysis of os-
cillation on noncommutative space such as mentioned in
the previous content, then the order of noncommutatival
parameters can be identified
|η00eµ| ∼ 10−17, |η00µτ | ∼ 10−22. (48)
Depending on the data above, the remaining coefficient
η00µµ can be chosen to match other experimental data, the
order of the remaining noncommutative parameters can
be identified. Comparing in three relations (36,43,48), it
is easy to find that one can get the same order of non-
commutative coefficients by different methods which is
expected in advance. Just as shown in this paper, the
Lagrangian which involves the new deformation canoni-
cal noncommutation relations may give a model of three
active massless neutrinos.
IV. SUMMARY
In order to get the oscillation of massless neutrinos,
the conventional scenario is depending on introducing
Lorentz-violation extension of the Standard Model. Dif-
ferent from the previous treatment, in this paper we
try to get oscillation of the massless neutrinos mainly
by introducing new canonical anticommutation relations.
Considering that all noncommutative effects vanish for
neutral fermions in noncommutative gauge theory, and
the generalization of Lagrangian to noncommutative
phase space will encounter some complex issues (such
as the Moyal Star Products can not apply to this case),
we directly introduce constant background fields into the
noncommutative gauge theory and obtain a Hermitian
fermion Lagrangian which involves a Lorentz violations
term. The Lorentz violation term deform the conven-
tional canonical commutation relations. Then we try to
generalize this model to a new deformed canonical non-
commutation relations for fermion field. On this basis of
the new deformed canonical noncommutation relations,
we investigate massless neutrino Lagrangian which sat-
isfies the deformed canonical relations. The coefficient η
in massless neutrino Lagrangian violates Lorentz invari-
ance but keep CPT symmetry, the restriction of the non-
commutative coefficients is also discussed. By compar-
ing with the existing experimental data of conventional
neutrino oscillations, the order of noncommutative de-
formed coefficients is given. From the discussion above,
we conclude that the Lagrangian which satisfy deformed
canonical noncommutation relations may give a model of
three active massless neutrinos.
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